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Method and device for drying of micro-organisms 



This invention is concemed wftli a simplified procedure for the substantially 
5 dry storage of micro-organisms at temperatures above freezing without the 
need to apply extemal drying/vacuum to the system. The method Involves 
placing a small amount of the material containing the micro-organisms Into 
a re-sealable strip device containing dry, water absorbent material of much 
greater mass in so doing rendering the micro-organisms substantially dry 
IQ - and stable in storage. 

Background Art 

Very few mlcro-onganisms are naturally able to withstand storage in the 
vegetative state without specific laboratory manipulation. One of the first 
1 5 laboratory methods developed for the maintenance of micro-organisms 
over long periods was coritlnuously growing and subculturing the cells. 
However, this Is a tedious, time-consuming process with a high chance of 
contamination by foreign organisms and may result in significant genetic 
change (e.g. loss of plasmlds and/or other important genetic detemiinants). 

20 There are many other established methods, all based on reducing 

metabolic activity, for the long-tenn storage of micro-organisms in the 
vegetative state. They have in common either 
(i) a very low storage temperature (often -60 °C or lower) and/or 
(il) the removal of water from the micro-organisms In a sealabie 

25 container by application of extemal physical processes (vacuum or 

heat) followed by sealing the container from later ingress of water 
vapour during storage. 



An improvement over existing drying and storage methods would give 
30 significant benefits If It were to be perfomied without the complicated drying 
equipment needed for the removal of water from the micro-organisms by 
application of extemal physical processes, without pre-tr^atment of the cells 
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and if It were to yield dried micro-organisms that could be stored at 
temperatures above freezing. 

Some attempts have been made to dry cells at room temperature with the 
5 aid of desiccating chemicals such as P2O5. silica gel or CaCb- However, all 
" of these methods, as disclosed in the literature, show major disadvantages. 

B. Jannlng et al.. Journal of Applied Bacteriology, 77 (1 994), 31 9-324 
investigated the drying of micro-organisms by dIrecOy contacting them with 
10 silica gel. Data reported by Janning et al showed a wide range of variation 
in the susceptibility of different bacterial strains to drying by this method. 
Including data showing poor vlabU'rty and recovery of Escherichia coli 
strains. 

1 5 When directly contacting the cells with desiccating chemicals, as in this 
method, only some of the micro-organisms sunrive as the desiccating 
chemicals may be toxic to the micro-organisms. In addition, the hydration of 
desiccating chemicals such as silica gel gives heat which may also be 
■ lethal to micro-organisms. In the method of B. Janning et al, rehydration of 

20 the samples has to be peri'onned very carefully at low temperatures for this 
reason. 

J. Antheunlsse et al., Antonie van Leeuwenhoek 47 (1 981 ). 539-545. 
disclose the drying of micro-organisms in an exsiccator containing CaCIa 

25 and silica gel as desiccating chemicals. Direct contact between the micro- 
organisms and the desiccating chemicals is avoided by putdng the micro- 
organisms in ampoules containing a folded strip of filter paper and pnDvlded 
with cotton stoppers. Drying could be achieved within one weeK. After this, 
the ampoules have to be removed from the dry environment of the 

30 exsiccator, exposing the cultures to the risk of absorption of atmospheric 
moisture In so doing, befbia sealing with paraffin wax for convenient long 
• term storage. J. Antheunlsse et al reported that immediately after drying the 
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logarithmlc exponent of number of viable cells had decreased by 2-3 units 
and that In some cases this Inttlal decline In viabllrty was even greater, 
reflecting that this drying method is not optimal for many bacterial strains. 

T. Popovic et al.. Journal of Clinical Microbiology, 36(6) (1998). 1765-1766, 
report the use of foil envelopes containing sterile silica gel. The micro- 
organisms are harvested with a polyester swab and the swab with the 
han^ested micro-organisms is put within the foil envelope. T. Popovic et al " 
reported survival of Neisseria meningitidis at room temperature, describing 
recovery by stating that all strains exhibited heavy gre>wth for at least 4 days 
but also that moderate growth on average persisted until day 9, suggesting 
significant reduction In viability In a relatively short period at room 
temperature. Table 1 1n T. Popovic et al further Illustrates significant 
decrease in strain viabiiify In storage at rc>om temperature for up to 90 days. 

Methods such as those disclosed by J. Antheunlsse et al and by T, Popovic 
et al In which the micro-organisms are not directly contacted with the 
desiccating chemicals or any other water absorbent preparation result in 
elongated drying times, more complicated procedures and a more 
complicated design of the device. Published results for these methods 
indicate aspects in which the decline in viable count of the test micro- 
organisms is marked, indicating that these methods are not optimal or 
adequate for long temi storage. 

25 It has been found that In spite of the drawbacks of prior art a simple and 
, convenient device and method for drying micro-organisms with the" aid' of 
desiccating chemicals can be realised if the micro-organisms are directly 
contacted with a dry water absorbent preparation further containing 
protective substances which stabilise the micro-organisms throughout 
• 30 drying and storage whilst, in addition, preferably, desiccating chemicals 
such as silica gel or molecular sieve materials are incorporated Into the 
device without being In direct contact with the micro-organisms. In addition, 
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the design of the device is chosen such that application of the micro- 
organisms, drying, storage and rehydration can be perfomied as rapidly 
and as conveniently and effectively as possible. 

5 Brief Description of the Invention 

The present Invention relates to a re-seaiable strip device for drying and 
storage of micro-organisms comprising 
* - a strip comprising a water absorbent preparation containing at least one 
1 0 water absorbent substance and at least one protective substance 

- a re-sealable housing which when being sealed proyides a closed, 
water-impermeable system around the strip. 

In one embodiment of the invention the water absorbent preparation 
1 5 incorporates substances that have both protective and water absorbent 
properties. 

In another embodiment of the Invention the primary water absoriaent 
preparation further comprises one or several absorbent bibulous foam or 
20 fibre-based pads or other matrices. 

* In one embodiment of the invention, the water absorbent preparation is in 
contact wHh or in proximity to a secondary water absorbent preparation. 

25 In one embodiment of the Invention, the secondary water absorbent 
preparation comprises a desiccating chemical such as silica gel or 
molecular sieve materials. 

In a prefened embodiment of the Invention tiie secondary water absbrbent 
30 preparation has the fonnat of one or several absoriaent beads, tablets. 

coupons, labels, polymer films, plugs, bibulous foam or fibre-based pads 
enclosed within the strip device* 
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In a further preferred embodiment the re-sealable housing is a foil pouch. 

In a further embodiment the re-sealable housing comprises one or more 
5 access vWndows over each of which there Is a water impermeable cover 
that can be opened and re-sealed such that once re-sealed the device 
regains its water impermeable properties. 

In a further embodiment the re-sealable housing has a label on to which 
1 0 details of the micro-organism preparation can be noted and/or reconJed by 
means such as bar coding. 

I 

In a further embodiment the re-sealable housing has a secondary tear or 
peel seal which can be opened in order to aseptlcally remove the strip. 

16 ^ 

. The present invention further relates to a process for the drying and storage 
of viable micro-organisms by 

a) providing a re-sealable strip device according to the present invention 

b) opening a re-sealable access (inoculation) window cover in the housing 
20 of the strip device to gain access to the strip 

c) adding the micro-organism preparation to be dried through the said 
window on to the water absorbent preparation located on the strip 

d) sealing the strip device by closing the re-sealable window cover on said 
housing 

25 e) storing the strip device, 

whereby the amount of the micro-organism preparation arid the amount of 
the water absorbent preparation within the device are chosen such that 
after the addition of the micro-organism preparation the water absorbent 
preparation is able to absorb the water contained In the micro-organism 

30 preparation and remain substantially dry, in so doing rendering the micrxj- 
onganlsms substantially dry and bringing them into contact with the 
protective substances in order to be stable in storage. 



n.DEZ.2002 n:31 

102165 nadoc 



0049 6151 727191 



NR. 528 8. 13- 



-6 



In a prefen-ed embodiment, after step e). the micro-organisnris are 
recovered by 

f) opening the strip device and removing the strip from the housing 
5 g) rehydrating the micro-organisms. 

In an embodiment of the method according to the present Invention, in step 
e) the strip device Is stored at a temperature between -70°C and 37°C. 

10 in a preferred embodiment of the method acoonJIng to the present 

invention, in step e) the strip device Is stored at a temperature between O^C 
and30*'C. 

The present-invention further relates to a kit for drying and storage of mlcro- 
1 5 organisms at least comprising a re-sealable strip device according to the 
method of the invention. Said kit may also Include any required Infomnation 
on procedures and/or ancillary materials such as containers of relevant 
solutions such as buffers or solutions Incorporating protective substances 
that may be needed to optimise said procedures to achieve maximum 
20 efficiency df the preservation procedures. 

Description of the Drawings 

Figure 1 shows an example of afomnatlbr a re-sealable strip device 
25 according to the present Invention. 

Rgure 2 shows a flow diagram representation of an example of the method 
according to the present invention used to presence cells by storage .n a re- 



30 



sealable strip de^ce. 

A detailed description of Figure 3 can be found In Example 1, 
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Detailed Description of the Invention 



This inventfon relates to a device and a method for drying micro-organisms 
for long-term storage. This is achieved by placing a preparation containing 

6 the micro-organisms (the micro-organism preparation) into a re-sealable 
strip device. The strip device comprises a water impenneable re-sealable 
housing and a strip within the housing. The strip comprises a solid support 
on to which Is attached one or more water absorbent preparations. A water 
absorbent preparation comprises at least one or more water absorbent 

10 substances and one or more protective substances, whereby the volume of 
the micro-organism preparation and the amount and composition of the 
water absorbent preparation are chosen such that after tiie addition of the 
micro-organism preparation on to the water absorbent preparation and re- 
sealing of the test strip the said water absorbent preparation is able to 

1 5 absorb the water contained in the added micro-organism preparation and 
remain substantially dry, in so doing rendering the micro-organisms therein 
substantially dry and stable to stbrage. 

The solid support is typically non-water absorbent material, often plastic 
20 such as polyester sheet. The water absorbent preparation Is typically 

bonded to the solid support by adhesive. In another embodiment, the water 
absorbent preparation further comprises one or several absorbent bibulous 
foam or fibre-based pads or matrices being bonded to the solid support and 
incorporating one or more water absoriaent substances and one or more 
25 protective substances. 

According to the present Invention, the expression "re-sealable device" 
means a device which Is sealed to water ingresjs prior to use Is such a way. 
that within the water Impermeable external housing of said device there are 
30 on© or more holes (access windows) the water impermeable covers over 
which can be opened to allow access into the device then re-sealed to ^. 
restore the barrier to water ingress. 
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The micro-organisms or cells that can be dried and stored according to the 
present invention include bacteria such as. but are not limited to. 
Enterobacteriaceae. such as Escherichia coll (including strains used for 
molecular biology procedures Including transfomiation and including strains 
already transformed). Vibrionaceae such as Vibrio fischeri. organisms of 
Industrial importance (LactobacilH SppO. organisms of medical relevance, 
Pseudomonadaceae. etc. Cells need not be In vegetative fomn but can also 
be In the spore state. 
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In another aspect of this Invention, cells, for example E.coli NovaBIue 
(Novagen inc.. Madison. USA), can be dried using the ifiethod of the 
invention and then, after storage, rehydrated with a suitable competency 
inducing solution such that It is then possible to directly transform the cells 
with exogenous DNA. such as plasmid molecules, according to the method 
of WO 02/50252. , 

According to the invention, the sample of micro-organisms which Is added 
to the device is called the microorganism preparation, independently of 
how it Is added (e.g. directly or after resuspension). Various sources of 
mlcro<.rganlsms can be used, for example colonies, liquid-cultures, field 
samples, blood samples, etc. The micro-organism preparation can be 
• obtained, for example, by sampling from a colony growing on a solid 
microbiological growth medium. This micro-organism preparation can be 
added direct onto the water absorbent preparation on the strip within the 
devlce or first suspended in a suitable solution before addition to the 
device, the latter shown in the flow diagram representation In Figure 2. 
Alternatively the micro-organism preparation can be obtained by sampling 
from a liquid culture or suspension of cells. In all cases above, as an 
example, a 1^1 loop can be used to transfer the micn><,rganlsm preparation 
into the device. 
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In all cases the micro-organism preparation can be pre-mbced with a 
solution containing protective substances prior to addition to the device. 
This may be achieved by dilution with such a solution or by centrifugation of 
the micro-organism preparation followed by re-suspension in such a 
5 solution. One can use the same protective substance(s) that is/are part of 
the water absorbent preparation or different protective 8ubstance(s). 

As an example, a late logarithmic or stationary phase bacterial culture may 
^ contain approximately 1 0® cells per millilitre, equivalent to 10® cells per 

1 0 mrcrolltre, so that very significant numbers of ceils can easily be applied to 
the strip device in relatively low volumes of liquid. 

The volume of the micro-organism preparation and the amount and type of 
the water absorbent preparation or preparations w^hln the re-sealable strip 

1 5 device are chosen such that after the addition of the micro-organisms the 
water absorbent preparation is able to absorb the water contained in the 
added sample, in so doing rendering the micro-organisms substantially dry. 
Importantly this represents a closed system which is self-drying without 
external physical processes. Substantially dry means that the final amount 

20 of water after addition of the cells in the preparation(s) is preferably less 
• that 10% w/w, more preferably less than 5% w/w and even more preferably 
less than 2% w/w water- The amount of water absorbent preparation 
needed depends upon the amount of micro-organism preparation to be 
dried and upon the water absorbing capacity of the material. A person 

26 skilled in the art is able to find out a suitable amount of water absorbent 
preparation so that it remains substantially dry after the addition of the 
micro-organism preparation and in doing so rendering the micro-organisms 
substantially dry. 

30 These substantially dry conditions and careful choice of the water 

absorbent preparation and the protective substances therein enhance long- 
term stability of the micro-organismsi even at temperatures above freezing. 
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The water absortjent pieparaHon that can be used to diy the cells according 
to the procedure of the present Invention comprises at least one water 
absorbent substance and one protective substance. A protective substance 
• is a substance which actively promotes maintenance of viability of the cells 
i during and after drying. 

The protective substances which are preferably Incorporated Into the water 
absorbent preparation and which are thus In contact with the micro- 
organisms are chosen to stabilise the cells during the drying process and 

,0 minimise loss of viability. In particular, the protective substances ass.st .n 
the preservation of the stmctural integrity of the cells in the dried state and 
also especially in the transition stages (drying and rehydration respectively) 
intD and out of the dried state. Such protective substances may also act as 
water absorbent substances when incorporated into the water absorbent 

15 preparation. 

• Examples of protective substances include cartDohydrates (either natural or 
synthetic), for example, sugars (e.g. sucrose, lactose. lactHol. trehalose 
glucose, celloblose. raffinose. cyclodextrin) and derivatives thereof and/or 
20 polymers (sugarand non-sugar based) and derivatives thereof and/or 

amino adds, peptides or proteins and derivatives thereof and/or protein- 
based preparations and fractions such as bovine serum albumin fraction V. 
This list is not intended to be comprehensive as such protective substances 
are well known to tiiose skilled in the art 

25 ui 
The water absorbent substances can Include any substance which is able 

fe, absorb water and whose properties (e.g. acidity, chemical reaoHvity) 
have no negative influence on the viabUity of the cells in the micro-organism 
preparation. Such material should not for example generate significant heat 
30 - byexothermlcreaoBondurtngthepnjcessofdryingofthemioroorganlsm 

preparation. 
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Specific examples for suitable water absorbent substances are dried 
carbohydrates or other organic or Inorganic polymers like starch, dextrin, 
dextran, cellulose, protein, polypeptide, agar, agarose, polyacrilamlde. 
sephadex, sepharose or mixtures thereof. 

5 

In one embodiment, the water absorbent substances additionally show the 
properties of protective substances, so that the water absorbent preparation 
may only comprise one substance which functions both as a water 
absorbent substance and as a protective substance. One example for such 
1 0 a substance would be a dried carbohydrate such as trehalose or sucrose. 



In addition, the water absorbent preparation may be fonnulated to include 
other biologically compatible substances familiar to those skilled in the art 
such as biologically compatible bulTer components, for example HEPES [N- 

1 6 P-HydroxyethyGpiprazine-N'-[2-ethanesuffonIc acid], micnsbiological culture 
media or components of such media, activated charcoal, compatible 
solutes such as ectoines (reference: Louis P et al., Appl. Microbiol 
Blotechnol (1994) 41: 684^688), vitamin C or other biologically compatible 
reducing agents or antioxidants, and enzymes such as superoxide 

20 dismutase, peroxidase or chemicals which directly or indirectly neutralise 
free-radicals or neutralise chemicals which readily react to yield free- 
radicals. 



Preferably, the water absorbent preparation consists of sugars such as 
25 trehalose and/or sucrose and one or more biologically compatible buffer 
components. 

In another embodiment of the Invention the water absortsent preparation 
has the fonnat and thereby uses as a carrier of the protective substances 
30 one or several absoriient bibulous foam or fibre-based pads or matrices on 
the solid support Incorporated within the strip device. Suitable pad 
materials Include materials such as conventional cellulosic paper, 
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n'ltrocellulose or derivatives thereof. Glass fibre materials, fibrous plastic 
materials such as Pores^ sheet materials (Porex Corporation), activated 
charcoal doth and non-woven fabrics oomprlsfrig such materials as viscose 
and polyester may also be used. All such materials above are well known to 
5 those skilled in the art. 

In another preferred embodiment of the present invention, in addition to the 
water absorbent preparation (in the following, for ease of understanding 
called "primary water absorbent preparation"), the strip device further 

1 0 comprises a secondary water absorbent preparation. The secondary water 
absorbent preparation (either directly in contact with the primary water 
absoriaent preparation or remote from It and in either case within the strip 
device) further enhances the efficiency of drying of the micro-organism 
preparation within the device. The primary water absoriaent preparation Is 

15 put directly in contact with the micro-organism preparation. If the amount of 
primary water absorbent preparation in relation to the amount of micro- 
organism preparation is too low to completely render the micro-organisms 
substantially dry or to ensure fast drying of the micro-organism preparation, 
the secondary water absortsent preparation is used to remove the excess 

20 water in the system. The amount of secondary water absorbent preparation 
Is sufficient that the whole mixture becomes substantially dry. Typically, for 
a certain micro-organism preparation, the amount of primary and secondary 
water absorbent preparation taken together is equivalent to the amount of 
water absorbent preparation that would be needed if no differentiation was 

25 made and the whole water absorisent preparation was put directly In contact 
with the micro-organisnri preparation. 

Primary and secondary water absorbent preparations can be made of the 
same or different water absorisent substances and can incorporate the 
30 same or different protective substances. They can have the same or 
different physical formats. Typically, the secondary water absorbent 
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preparation need not incorporate any protective substances If It has only 
maiiginal contact with the micro-organism preparation. 

Preferably, the secondary water absorbent preparation has the fbnnat of 
5 one or several beads, sachets, tablets, coupons, labels, polymer films, or 
pellets which may or may not be attached to the strip. It can be an 
advantage of such a combination of formats for the water absorbent 
preparations when, after storage and opening of the secondary seal of the 
water impermeable protective outer housing of the re-sealable strip device, 
1 0 the strip can then be easily separated from the secondary water absorbent 
preparation prior to rehyd rating the micro-organism preparation from out of 
the primary water absorbent preparation. In this way the volume of solution 
needed to rehydrate the micro-organism preparation from out of the primary 
water absorbent preparation is lower than that required for rehydrating both 
15 the primary and secondary drying preparations. This has the further 

advantage that as less rehydration solution may be used, the resultant 
suspension of mlcro-oi^anisms is more concentrated. 

In another embodiment of the present invention water absorbent 
20 substances which do not need to be biologically compatible (desiccating 

chemicals) may be present within the device in secondary water absorbent 
preparations but physically separated from the micro-organisms. In this way 
desiccating chemicals which have excellent water absorbent properties can 
be deployed in the device in secondary water absorbent preparations 
25 without deleterious effects upon ttie micro-organism preparation caused, for 
example, by exothermic reaction upon hydration. Preferred examples of 
such desiccating chemicals which do not need to be biologically compatible 
are molecular sieves like zeolites, inorganic oxides like aluminium oxide or 
silica gel, montlmorillonite clay or other materials known to those expert in 
30 the art. 
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In another embodiment of the present invention water absorbent 
substances or desiccating chemicals which do not need to be biologically 
compatible may be present within the device by incorporation of these 
substances into the material of the solid support of the strip. 

The re-sealable housing of the strip device according to the present 
Invention comprises a water Impermeable protective outer packaging such 
as an aluminium foil pouch. Other water impenneable protective outer • 
packaging materials are well known to those sidlled in the art. 



In a preferred embodiment, within the housing, there are one or more 
access windows over each of which there Is a water impermeable cover 
that can be opened and re-sealed such that once this Is done the device 
regains its water Impenneable properties. Typically, the water impermeable 
1 5 cover would be secured to the device by suitable re-sealable adhesive at its 
periphery. The water impemneable cover could in this case take the form of 
a peelable tape. 

Alternatively a hinge design can be conceived in which the cover Is an 
20 integral part of the water impermeable protective outer packaging of the 

device and therefore secured by suitable re-sealable adhesive at only part 
of its periphery. 

Alternatively a two-step mechanism can be conceived in which the primary 
25 cover over a" given access window is peelable and removable and a 

secondary cover, such as a tape, is subsequently put into place over the • 
access window so that the device regains its water impenneable properties. 

In a further embodiment tlie water impemneable protective housing such as 
30 an aluminium foil pouch has a label on to which details of the micro- 
organism preparation can be noted and/or recorded by means such as bar 
coding. 
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In a further embodiment the housing has a secondary tear or peel seal 
which can be opened as required after storage In order to aseptically 
remove the strip holding the micro-organism preparation for reconstitutlon 
of the dried micno-ot^anism preparation for use. 

Typically, the contents of the re-sealable strip devices including the water 
absorbent preparation need to be sterile before adding the micro-oiganism 
preparation. The components of the devices may be sterilised separately 
prior to assembly or the devices may be sterilised subsequent to this but 
prior to adding the micro-organism preparation, for example using gamma 
in^diation or similar treatment Thus there Is no risk of contamination irom 
microorganisms which happen to have been introduced Into the system 
during manufectu r© of the devices. 

Figure 1 shows an example of a fomiat for a re-sealable strip device 
according to the present Invention. Part A shows the strip, part B the 
housing. The strip comprises a plastic strip (1) on to which is attached the 
water absorbent preparation (2) comprising a pad with at least one water 
absorbent siibsfcance and at least one protective substance. A secondary 
water absorbent preparation (3) comprising a pad with at least one water 
absorbent substance is located further down the strip. 

The housing comprises a foil pouch (4) with one re-sealable access window 
(5). When the access window is peeled open at the peelable seal (5a) one • 
gains access to the water absortjent preparation on the strip to tie able to 
inoculate the micro-organism preparation on to the water absorbent 
preparation. For aseptically removing the strip from the housing, the 
housing can be opened by tearing the tear line (6). 

The Invention further relates to a process for the drying and storage of 
viable micro-organisms by 
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a) providing a re^ealable strip device according to the present invention 

b) opening a re-sealable access (inoculation) window cover In the housing 
of the strip device to gain access to the strip 

c) adding the micro-organism preparation to be dried through the said 
6 window on to the water absorbent preparation located on the strip 

d) sealing the strip device by closing the re-sealable window cover on said . 

housing 

e) storing the strip device, 

whereby the amount of the micro-organism preparation and the amount of 
10 the water absortient preparation within the device are chosen such that 
after the addition of the micro-organism preparation the water absorbent 
preparation Is able to absorb the water contained in the micro-organism 
preparation and remain substantially diy, in so doing rendering the micro- 
organisms substantially dry and bringing them into contact with the 
1 5 protective substances In order to be stable in storage. 

The sealed strip devices with micro-organisms dried according to the 
present invention can be stably stored at temperatures between -70°C and 
+3rc, preferably between CCand +30"C, Cells which are "stably stored" 
20 are able to withstand storage for extended periods of time at a suitable 

temperature, without appreciably losing their viability. The storage period of 
time may range from about 0 days to about 2000 days, typically from about 
20 days or less to about 500 days, although even longer storage times may 
be used at temperatures of less than about -20 'C. 

25 " 

After storage, the micro-organisms are recovered by 

f) opening the strip device and removing the strip from the housing 

g) rehydrating the micro-organisms. 

30 Rehydration Is typically performed either by the addition of a suitable 
reconstltutlon solution to the water absorbent preparation holding the 
preserved mioro-oiganism preparation or by insertion of the test device Into 
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a suitable solution such as a microbiological culture medium or buffer 
solution. 

One example for the procedure of tiie method according to the present 
5 Invention Is shown in Figure 2. In step 1, cells are removed from a colony of 

• micro-organisms on an agar plate. In step 2, the cells are suspended in a 
small amount of sterile liquid medlurri which may contain protective 
substances- In step 3, the re-sealable window cover on the strip device is 
opened to gain access to the pad of the re-sealable strip device, in step 4, 

10 a small volume (1^1 In this example) of the micro-organism preparation to 

be dried is taken and inoculated through the window on the device on to the 
water absorbent preparation in the pad on the strip device. In step 5, the 
strip device is straight away re-sealed by closing the re-sealable window 
cover on the test strip device. In step 6, the details of the micro-organism 

15 preparation are entered on to the label on the external packaging of the 
Strip device. In step 7, the test strip is put into storage (for example In a 
fridge at 4**C) prior to use. In step 8, the strip device is opened in order to 
gain access to the presen/ed bacteria by opening a second seal. In this 

• example a peel seal. In step 9, the strip device is then removed from its 
20 packaging. In step 10, the cells are rehydrated by the addition of a suitable 

rehydration solution either by direct addition to the pad (step 10a) or by 
insertion of the pad of the test device into a suitable rehydration solution 
(step 10b). In either step 10a or step 10b a microbiological culture medium 
could serve as a suitable rehydration solution. 

26 

In another example for the procedure of the method, step 2 may be omitted 
so that in the next step, the re-sealable window cover on the strip device is 
opened to gain access to the pad of the re-sealable strip device and then 
the cells removed from a colony of micro-organisms on an agar plate 
30 inoculated direct through tiie window on the device on to the water 
absorbent preparation in the pad on the strip device without prior 
suspension in liquid. 
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* In another example for the procedure of the method, steps 1 and 2 may be 
omitted so that In the next step, a small volume (1nl in this example) of. a 
micro-organism preparation that Is a pre-existing liquid suspension such as 

5 a broth culture is taken and inoculated through the window on the device on 
to the water absorbent preparation In the pad on the strip device. Such a 
suspension may contain added protective substances. Alternatively such a 
suspension may be constituted by prior centrifugation of a broth culture or 
other suspension of micro-organisms and resuspension of the micro- 

10 organisms in a solution of choice which may Include protective substances. 
These additional preparatory steps of centrifugation and resuspension may 
be used to adjust the concentration of micro-organisms in the suspension 
Inoculated through the window on the device on to the strip device, typically 
to concentrate the micro-organisms. 

15 - 

In another aspect of the Invention, a kit is provided for simple and instant 
drying of micro-organisms according to the method of the present invention. 
The kit comprises at least one re-sealable strip device containing at least 
one water absoriaent preparation incorporating one or more protective 

20 substances according to the present invention. Preferably, the water 
absoriient preparation is configured in the format of one or several 
absorbent bibulous foam or fibre-based pads or other matrices deployed on 
the strip enclosed within the strip device so that the user simply has to open 
the cover of the access window of the device, add the micro-organism 

26 preparation containing micro-organisms to the pad and re-seal the access 
window of the device for storage. Said kit may also include any required 
information on procedures and/or ancillary materials such as containers of 
. relevant solutions such as buffers or solutions incorporating protective 
substances that may be needed to optimise said procedures to achieve 

30 maximum efficiency of the preservation procedures. 
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The device and method accordrng to the present Invention eliminate the 
need for applying external drying equipment after adding the micro- 
organisms. Drying of the.preparatlon(s) In the system Is performed before 
the organisms are added, thus, the system Is pre-prepared, sterilised (If 

5 required), and stored (without requirement for temperature controlled 

storage conditions) before use. The system thus has very few restrictions 
on when and where the micro-organism preparation sample Is added, i.e. it 
is very flexible. Generally, storage at 4 or below is recommended for 
long term storage after addition of the micro-organism preparation although 

10 - this may depend on the organism. 

For the user, storage within the laboratory at temperatures above 0 ''C Is 
both more convenient and user-fiiendly and also more economic. 
Furthermore, the shipment of cells preserved In the way according to the 
15 present invention can be achieved without freezing and is therefore also 
more convenient 

Compared to conventional storage methods, the main advantage of the 
self-drying methodology according to the present Invention is the simplicity 

20 and convenience of the procedures involved in that typically the user only 
has to add a small amount of micro-organism suspension (or semi-solid 
material e.g. a colony) and then place in a refrigerator for storage. For 
• example, it Is not necessary to prepare sterile solutions with glycerol, a pre- 
requisite for typical storage in freezers or to store the cells over liquid 

26 nitrogen, thus, the process Is simpler, safer and faster. In addition, the . 

device Is a dosed system so there is no significant time period In which the 
device Is open to atmosphere during the process of drying of the micro- 
organism preparation. This is In marked contrast to. for example, many 
freeze drying processes in which aerosols are likely during the drying 

30 process, thus the present Invention makes the process of handling and 
drying pathogenic organisms much safer. 
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Without further elaboration. It is believed that one skilled in the art can, 
using the preceding description, utilise the present Invention to Its fullest 
extent The preferred specific embodiments and examples are, therefore, to 
be constnied as merely illustrative, and not limiting to the remainder of the 
disclosure In any way whatsoever. 

The entire disclosures of all applications, patents, and publications cited 
above and below are hereby incorporated by reference. 



Examples 

Experiment 1 To show ceil survival on test strip with protectant on the 
Preparation of the strip devices 

Sealed test strips from HY-RiSE™ Colour Hygiene Test Strips (Merck 
KGaA Art No. 1 .31 200.0001 ) were adapted in order to produce the self 
drying storage strips. Using a scalpel, an access window was cut Into the 
foil pouch enclosing the test strip allowing access to the test strip pad. This 
was carried out by making a cut on 3 sides of an area 5 mm x 5 mm. The 
foil pouch was cut open at the end furthest end from the pad and the strip 
removed. Approximately 1cm of the plastic strip was trimmed from the end 
distal from the pad. An 86pl aliquot of protectant (50% (w/w) Sucrose 
(BDHArt.no. 102745C) in Nutrient Broth NB (Nutrient Broth No.2, Merck . 
KGaA, Art. no 10136) filter sterilised), was dispensed onto the pad and the 
strip placed beneath a hot air fan (Sunhouse 2000 made by T.I Sunhouse 
Ltd) for 30 minutes. The hot air fan was suspended above the bench in 
such a manner that the grill from which the hot air was blown was pointing 
downwaids. The distance from the bench top to the grill was 350mm, The • 
f^n heater was switched onto maximum heat and resulted in an area of- 
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approximately 190nnm x 270rnm wherein the temperature achieved was 75- 
95'C. The strips to be dried were placed within this area upon a plastic grid 
(Denleystor,. cryostorage ABS plastic grided rack. 150mm x 1 50mm. with 
grids placed 5mm apart) raising the strips above the bench by 20mm. The 
5 strips were prepared and dried in batches of 36. 

Self adhesive deslccant coupons (CSP Technologies. ACTIV-STRIP, M- 
0002-58, 44.0 x 38.0 x 0.60mm) were removed from their protective foil 
pouch, cut Into 3 equal pieces of 44.0mm x 12.3mm x 0.60mm and placed 

1 0 Immediately into a tin containing sachets of dry silica deslccant beads 

(Sigma, Silica beads for desiccation, Type II, size 1/8 " beads). After the 
pads on the strips were dried the deslccant coupon pieces were removed 
from the tln.,attached to the strips. The strips were then returned to the foil 
pouches and the pouches placed In a second lin containing dry silica 

16 deslccant beads for interinn storage. The pouches were removed from this 
tin and their cut ends were foil sealed using a Multivac A300 Packager. The 
packager was programmed to draw a vacuum of approximately 600mbar 
with heat/pressure seal time of 3.5 seconds, sealing pressure 1 
atmosphere. The pouches were then placed into a third tin containing dry 

20 silica desiccant. The pouches were removed from the tin and a strip of self 
adhesive plastic film (Tenza Ciearview Film Art No. 3291 1 1) placed over 
the access window. The strips were held at room temperature for at least • 
16 hours prior to Inoculation. 

25 Preparationof the inoculum 

A seed stock of E.co/i JIVI109, a K12 derivative, (Deutsche Sammlung von 
l\4ikn3organism©n und Zellkulturen GnribH {German Collection of 
Microorganisms and Cell Cultures} DSM 3423) was prepared as follows: 
30 JM109 cells were streaked on an LB (10g/l Tryptone (peptone frxjm casein - 
iVIerck KGaA., Art. No. 1.07213), 5g/I Yeast Extract (Merck KGaA.. Art No, 
1 .03753). 1 0g/I Naa (BDH. Art No 1 0241 ), 1 5g/l Agar (Merck KgaA.. Art 
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NO.536025J), pH adjusted to 7.5 with NaOH), agar plate, and the plate m^s 
incubated for 72 hours at 20 *C. 

A single colony was Inoculated into a 30ml Universal vial (Sterilln. Art 
N0.128A) containing 3ml SOB medium (20g/l Tryptone (peptone from 
casein - Merck KGaA.. Art. No. 1 .07213). 5g/l Yeast Extract (Merck KGaA., 
Art No. 1.03753). 0.6g/l NaCI (BDH. Art No 10241). 0.186g/l KCl (BDH, Art 
NO.101984L)) supplemented with 30^1 2M Mg^* solution (1M MgSO4.7H20 
(Fluka. Art No. 63138). 1M MgCteHzOXFIuka. Art No. 63068)) . and 
incubated at 37»C. The culture (primary culture) was grown to an ODesonm 
of 0.40 (Pharmacia LKB. Novaspec II Visible Spectrophotometer), 
transferred to +4°C, and stored overnight 

A 1ml aliquot of the primary culture was used to inoculate 50ml SOB 
15 medium supplemented with aOOpI 2M Mg^^ (1M MgSO4.7H20 (Fluka. Art 
- No 63138). 1M MgCl2.6H20 (Fluka. Art No. 63068) solution in a 250ml 
conical flask (Pyrex. Art. No. 1 140/14) and incubated at 37''C. with shaking 
at 250rpm. The ODesonm was followed until the culture was at 0.65. An 
aliquot of 35ml SOB medium (20g/l Tryptone (peptone from casein - Merck 
20 KGaA., Art. No. 1 .07213). 5g/l Yeast Extract (Merck KGaA-. Art No. 
1.03763). 0.5g/l NaCI (BDH. Art No 1 0241 ). 0.1 86g/l KCl (BDH, Art 
NO.101984L)) supplemented with SSOpI 2M Mg^+ (1M MgSO4.7H20 (Fluka. 
Art No. 63138), 1M MgCl2.6H20 (Fluka, Art No. 63068). was added to the 
flask containing the culture and swirled gently to mix. The culture was 
25 dispensed In 850^1 aliquots Into pre<:hilled crybvial vials (NUNC. Art.No. 

3.68632). An aliquot of 150|jl glycerol (Fluka. Art No. 49767). was added to 
each vial, the content mixed by gently Inverting, and placed immediately on 
dry ice. When the contents of each vial were frozen they were transfenred to 
♦ -70*0 storage. 



30 



A vial of seed stock JM109 was removed from -70*0 storage. Using a lOpI 
loop, a sample was removed by scraping the surfec© of the content of the 
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vial. The sample was spread on a Luria Broth Agar plate (10g/l Tryptone 
(DIfco, Art. No. 211705), 5g/l Yeast Extract (Difco, Art No. 212750), 1 0g/I 
NaCI (Sigma. Art No. S7653) . 1 5g/l Agar (Merck, KGaA, 536025J). pH 
adjusted to 7.5 with NaOH), using conventional methods to ensure growth 
■ 6 of Individual separate single colonies of bacteria. The plate was incubated " 
for 1 6 hours at 37'C and transferred to +4"'C storage. 

The above plate was removed from +4*C storage and 3 colonies 
transfen-ed to a 1L (Pyrex, Art No. 1130/26) conical flask containing 100ml 
10. LB broth (1 Og/I Tryptone (DIfco, Art No. 21 2750), 5g/l Yeast extract (Drfco, 
. Art No. 212750). lOg/t NaCI (Sigma, Art No. S7653), - pH adjusted to 7.5 
with NaOH). Tmo flasks were prepared in this manner. The flasks were 
Incubated at 37°C with shaking at 180rpm. After approximately 16 hours 
the cultures reached an ODgoonm (Pharmacia LKB, Novaspec II Visible 
15 Spectrophotometer)of 1.49 and 1.45. The contents of the flasks were 
pooled and Immediately placed on ice for 15 minutes. 

Aliquots of 45m! of the chilled culture were transferred to 2 pre-chilled 
centrifuge tubes (Falcon, Art. no. 352070). The cells were collected by 
centrifugatcon In an 5804R Eppendorf centrifuge using rotor type F34-6-38 
and inserts (Eppendorf, Art No 5804 774000), at 6000rpm, 4*C for 5 
minutes. An aliquot of approximately 5ml of the supernatant (le spent 
media) was decanted into a Universal vial and the remainder discarded, " 
taking care not to disturb the pellet. The Universal containing the 
supernatant was placed on Ice. The pellets were each resuspended in 
0.45ml of the supernatant by gentle aspiration using a imi sterile plastic 
pasteur pipette. The resuspended pellets were pooled, and returned to the 
ice bath. This cell suspension was used as the Inoculum. 

The viability of the cells in the inoculum was detennined at this point A 
standard dilution series was prepared in NB and plated in duplicate onto 
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Nutrient Agar, NA (Merck KGaA. Art no. 1.05450). The plates were 
Incubated al 37'C for at least 1 Shours, or at 20"C for at least 72hours and 
the colonies counted. 

5 Inoculation of the strips 

The cells used for the Inoculurn were maintained In the ice bath for the 
duration of this procedure. The adhesive film sealing the access window 
was peeled back allowing access to the pad. An aliquot of Ijal of the cell 

10 suspension was dispensed orito the pad using standard micropipettes 

(BRAND. TRANSFERPETTE 0.1-1pl, PLASTIBRAND Tips, 0.1-20p). The 
. adhesive film was replaced immediately after Inoculation and the access 
window thus re-sealed. This procedure was repeated for each of the strips 
to be inoculated. The inoculated strips remained at room temperature le 

15 20°C for 1 hour. As controls, six strips were tested to determine the 

average initial viable cell number on the strip according to the procedure 
below. The remaining strips were then transferred to elevated (30'C) 
temperature storage for defined periods. As required, after set time periods 
at the storage temperature, the strips were removed from this incubation , 6 

20. in total for each time point, equilibrated to room temperature, then tested to 
determine the remaining viable cell number on the strip according to the 
procedure below. 

To determine the viable cell number on the strip. 

- The foirpouch Was Opened by fearin^'the foil at'the opposite end to the 

Inoculated pad. The strip was aseptically removed and transferred to a 
Bijou (Sterilln Art. no. 1 29A) containing 2ml NB in order to immeree the pad. 
The Bijou and contents were gently agitated and a 5 minute period allowed 
30 for the cells/protectant to re-hydrate from the pad. A standard dilution series 
was prepared in NB and plated In duplicate onto Nutrient Agar, NA (Merck 
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KGaA. Art. no. 1 .05450). The plates were Incubated at 37'C for at least 1 8 
hours, or at 20°C for at least 72hours and the colonies counted- 

• Control A - Strips prepared without protectant on the pad and no 
5 protectant in the inoculum 

Strip devices were prepared and tested as described in the above metliod, 
except forth© omission of the dispensing and drying of protectant on the 
pad. The strip device was therefore not placed for 30 minutes beneath the 
10 hot air fan. 

Control B - Strips prepared with No protectant on the pad. Protectant 
present in the Inoculum. 

15 Strip devices were prepared and tested as described In the above method, 
except for the omission of the dispensing and drying of protectant on the 
pad and except for the following modification to the preparation of the 
inoculum. 

20 The Inoculum was prepared as described above except that each pellet 
was resuspended in 0.45ml protectant solution <25% (w/w) Sucrose (BDH 
. Art.no. 102745C) in Nutrient Broth (Nutrient Broth No.2 Merck KGaA, Art. 
' no. 1 1 01 36), flJter sterilised) 

25 Results: 

The surprising result can be seen from Table A below that good stability 
(survival for greater than 21 days (In elevated (30°O) temperature storage) 
was only achieved with the incorporation of protectant on the pad of th» 
30 - device. .The bacteria Inoculated Into the device did not survive for greater 
than seven days In the absence of dried protectant on the pad. 
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15 





Time (days) 


Protectant on 

pad / NO 
protectant in 
the inoculum 

(cfu/strip) 


Control A 

NO pre>tectant 
on the pad / NO 
protectant in the 
inoculum 
(cfu/strlp) 


Control B 

NO protectant 
on the pad / 
Protectant in the 
inoculum 
(cfu/strip) 


Inoculum 
added to 
strip 


0 


4.60E+08 


4.60E+08 


4.45E+08 








Cells 

recovered 

from 

storage 

strip 


0 

(1hr after 
inoculation) 


5.5E+07 


7.7E+05 


8.4E+05 


7 


3.4E+06 


No colonies 
observed 


No colonies 
observed 


14 


5.1E+06 


No colonies 
observed. 


No colonies 
observed. 


21 


2,2E+06 


No further tests 
carried out 


No further tests 
carried out . 



Table A 



A graphical view of these results can be found in Figure 3. On the X-axis 
the time is given In days. On the Y-axis, the cfu per strip Is shown. The 
circles show the data obtained with a test strip according to the present 
Invention (Protectant on pad /NO protectant in the inoculum), the quadrats 

and triangles show the data obtained with Control A and Control B 
respectively. 
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Claims 

1 . Re-sealable strip device for drying and storage of micro-organisms 
comprising 

5 - a strip comprisrng a water absorbent preparation containing at least one 
water absorbent substance and at least one protective substance 
- a re-sealable housing which when being sealed provides a closed, 
water-impermeable system around the strip. 

10 2. Re-sealable strip device according to claim 1, characterised iri that the 
water absorbent preparation Incorporates one or more substances that 
have both protective and water absorbent properties. , 

3. Re-seaiable strip device according to claim 1 or 2, characterised in that 
1 5 the primary water absorbent preparation further comprises one or several 

absorbent bibulous foam or fibre-based pads or other matrices. 

4. Re-sealable strip device according to one or more of claims 1 to 3, 
characterised in that the water absorbent preparation is in contact with or in 

20 proximity to a secondary water absorbent preparation. 

5. Re-sealable strip device according to one or more of claims 1 to 4, 
characterised in that the secondary water absorbent preparation has the 
format of one or several absorbent beads, tablets, plugs, bibulous foam or 

25 fibre-based pads enclosed within the strip device. 

m 

6. Re-sealable strip device according to one or more of claims 1 to 5, 
characterised in that the re-sealable housing is a foil pouch. 

30 7. Re-sealable strip device according to one or more of claims 1 to 6, 
characterised in that the re-sealable housing comprises one or more 
access windows over each of which there is a water impermeable cover 
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that can be opened and re-sealed $uch that once re-sealed tiie device 
regains its water impermeable properties. 

8. Re^sealable strip device according to one or more of cl^ms 1 to 7, 
5 characterised in that the re^sealable housing has a label. 

9. Re-sealable strip device according to one or more of claims 1 to 8, 
characterised in that the re-sealable housing has a secondary tear or peel 
seal which can be opened In order to aseptically remove the strip. 

10 • 

10. Process for the drying and storage of viable micro-organisms by 

a) providing a re-sealable strip device according to one or niore of claims 1 
to 9; 

b) opening a re-sealable access window cover in the housing of the strip ' 
1 5 device to gain access to the strip; 

c) adding the micro-organism preparation to be dried through the said 
window on to the water absorbent preparation located on the strip; 

d) sealing the strip device by closing the re-seaiable window cover on said 
housing; 

20 e) storing the strip device, 

whereby the amount of the micro-organism preparation and the amount of 
the water absorbent preparation within the device are chosen such that 
• after the addition of the micro-organism preparation the water absorbent 
preparation is able to absori? the water contained in the micro-organism 

25 preparation and remain substantially dry. 



1 1 . Process according to claim 10, characterised in that, after step e), the 
micro-organisms are recovered by 

f) opening the strip device and removing the strip fix}m the housing; 
30 9) rehydrating the micro-organisms. 
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12. Process according to claim 10 or 11, characterised in that, in step e), 
tiie strip device Is stored at a temperature between 0°C and 30°C . 

13. A l^itfor drying and storage of micro-organisms at least comprising a re-- 
5 sealabie strip device according to one or more of claims 1 to 9. 



10 



15 



20 



25 



13.0EZ.2002 11:34 



0049 6151 727191 



NR. 528 S. 37 



- 30 - 

Abstract 

This invention relates to a method and device for drying cells for long-term 
storage by placing a preparation containing the micn>organisms into a re- 

5 . sealable strip device which houses diy, water absorbent material and at 

least one protective substance, whereby the volume of the micro-organism 
preparation and the amount and type of the drying preparation are chosen 
such that after the addition of the preparation of the micro-organisms the 
water absorbent preparation is able to absori^ the water contained In the 

1 0 added sample and remain substantially dry. In so doing rendering the 
micro-organisms substantially dry. 



15 



20 



25 



30 



13. DEL 2002 1 1:34 

iu;sit3t» rm.aoc 



0049 6151 727191 



NR. 528 S. 



1/3 



Fig- 




5a 



A 



B 



13.DEZ. 2002 1 1:34 0049 6151 727191 ^.-^ NR. 528 8.39 



2/3 



Fig. 2 



An Example of a Procedure For The Use Of The 

Self Drying Strip 



1. Pick colony 
from agar plate 



Cell Preparation 



2. Suspend cells 
in liquid medium 



4. Aseptically 
remove Ifil of 
qellpFepaiation 
and... 



Recovering Cells From 
Storage On The Strip Device 



8. Peel apart foil ends 
to e^ose strip 



9. Aseptically remove 
Btcip 



10a. Rehydxate 
cells from pad with 
suitable rehydration 
solution such as 
culture TTiffHifi i ^ 



10b. Transferpad 
into suitable 
rehydration solution 
such as cukuie 
medium 



Storing CeUs in 
Strip Device 



3* Peel back cover 
over access window 



4(cont).,-. then 
aseptically inoculate 
cells onto pad 



5. Rc-affibc cover 
over vvindow to 
original position 
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